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(54) PRODUCTION OF SINTERED COMPACT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a process for producing a 
sintered compact by which the sintered compact having a high 
perpendicularity is obtd. 

SOLUTION: A density gradient is previously applied on a 
columnar powder compression molding 17 before heating and 
sintering and sintering is executed by placing the end face 
on the high-density side of this powder compression molding 
17 on an imposition surface at the time of the heating and 
sintering. The flank of the columnar powder compression 
molding 17 prior to the heating and sintering is previously 
formed with a taper and the sintering is executed by placing 
the end face on the side of the larger area of the powder 
compression molding 17 on the imposition surface at the time 
of the heating and sintering The perpendicularity of the 
sintered compact 20 after the heating and sintering is 
improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim ts)] 

[Claim 1]A manufacturing method of a sintered compact which gives a density gradient beforehand to a 
powder compression-molding object of the shape of. a pilaster before heating sintering, and is 
characterized by carrying and sintering the end face by the side of high density of a powder 
compression-molding object to a mounting surface at the time of heating sintering. 
[Claim 2]A manufacturing method of a sintered compact which forms a taper in the side of a powder 
compression-molding object of the shape of a pilaster before heating sintering beforehand, and is 
characterized by carrying and sintering the end face of a side with a large area of a powder 
compression-molding object to a mounting surface at the time of heating sintering. 



[Translation done.] 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invent ion] This invention relates to the manufacturing method of the sintered compact 
which sinters by carrying out heating at high temperature of the powder compression-molding object of 
the shape of a pilaster which carried out press compression and fabricated the end of material 
powder, such as metal. 

[0002] 

[Description of the Prior Art] Conventional ly, press compression of the end of material powder, such 
as metal, was carried out by the uniaxial pressing method, and the powder molding public-funds type 
has been used as a device for fabricating a pilaster-like powder compression-molding object. The 
powder compression-molding object fabricated with this powder molding public-funds type turns into a 
sintered compact by carrying out heating sintering at an elevated temperature. Although this 
sintering is performed by laying the fabricated powder compression-molding object on a sintering 
plate, putting this in in high temperature furnaces, such as an electric furnace, and heating to 
sintering temperature, For example, not only in the method of laying a powder compression-molding 
object on a sintering plate, and carrying out fixed time lapse in the sealed high temperature furnace 
in this case, Place a sintering plate on the mesh belt in a sintering furnace, and lay a powder 
compression-molding object on it, a belt is made to drive, and the ****************** method 
continuously transported to a sintering furnace can also be taken. The ****************** method of 
laying a powder compression-molding object directly on a mesh belt is also taken. The sintering plate 
is used in order to stabilize the dimensional change at the time of sintering. 
The density of a powder compression-molding object is the purpose of stabilizing the shape after 
sintering, and making it uniform generally is performed. 

[0003] 

[Problem(s) to be Solved by the Invent ion] However, in practice, even if it uses a metaphor sintering 
plate, by the difference between the powder compression-molding object at the time of heating 
sintering, and the coefficient of thermal expansion of a sintering plate, frictional resistance works 
among both, and in order to serve for this to restrain the thermal expansion of a powder compression- 
molding object locally, the squareness accuracy of a sintered compact will be worsened as a result. 
Drawing 7 shows the thermal expansion model at the time of heating sintering by conventional 
technology. 27 shows a powder compression-molding object and 29 shows the sintering plate. The black 
arrow shows the size of the coefficient of thermal expansion of the powder compression-molding object 
27 and the sintering plate 29 with the length here. Compared with the coefficient of thermal 
expansion of the powder compression-molding object 27, the coefficient of thermal expansion of the 
sintering plate 29 is small. For this reason, frictional resistance like a white arrow works to the 
contact surface of the powder compression-molding object 27 and the sintering plate 29. The expansion 
by the side of the contact surface of the powder compression-molding object 27 is restrained by this 
frictional resistance, and free expansion is carried out by the non-contact side side on the 
contrary. For this reason, as shown in drawin g 8, the taper which spreads up will be formed in the 
sintered compact 30. The art for cancel ing such fault is indicated by J P, 63-2735, U. The plate which 
has a coefficient of thermal expansion comparable: as a powder compression-molding object is carried 
on a sintering plate, it is considered as multiple layer structure, and this art reduces the 
frictional resistance committed between a powder compression-molding object and a plate at the time 
of sintering, and makes the same the diameter direction dimension of the upper bed side and lower end 
surface of a sintered compact by this. Although powder, such as alumina, is carried on a sintering 
plate and the method of reducing the frictional resistance committed between a powder compression- 
molding object and a sintering plate is also one of other methods, these methods will have bad 
productivity and,' moreover, cost will be attached highly. When the sintering plate of the same 
construction material as a powder compression-molding object is used, a coefficient of thermal 
expansion becomes the same, but since both stick at the time of sintering, operation is impossible. 
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This invention was made in view of the above-mentioned problem, and The density of a powder 
compression-molding object, The thermal expansion amount of the end face and the other end face which 
are put on the mounting surface of the powder compression-molding object at the time of heating 
sintering by changing a size is controlled, and let it be the issue to solve to provide the 
manufacturing method of the sintered compact which controls tapered shape Shigeru after heating 
sintering, and secures the squareness accuracy more than before. 
[0004] 

[Means for Solving the Problem] A manufacturing method of a sintered compact concerning claim 1 gives 
a density gradient beforehand to a powder compression-molding object of the shape of a pilaster 
before heating sintering, and carries and sinters the end face by the side of high density of a 
powder compression-molding object to a mounting surface at the time of heating sintering. A 
manufacturing method of a sintered compact concerning claim 2 forms a taper in the side of a powder 
compression-molding object of the shape of a pilaster before heating sintering beforehand, and 
carries and sinters the end face of a side with a large area of a powder compression-molding object 
to a mounting surface at the time of heating sintering. For this reason, even if it does not take 
into consideration reduction of frictional resistance produced in a mounting surface, it becomes 
possible to obtain a sintered compact which secured squareness accuracy more than before. 
[0005] 

[Embodiment of the Invention] 

[A 1st embodiment] The manufacturing method of the sintered compact concerning a 1st embodiment of 
this invention is explained with reference to drawjng_J_- drawing_5. Powder molding public-funds type 
10 of dr awing 2 comprises the fixed die 12 with which the parallel 11 was equipped, the bottom part 
13 currently fixed in the state where it was inserted from the lower part along the inner skin 14 of 
the fixed die 12, and the punch 18 made movable to a sliding direction by the driving source which is 
not illustrated. The forming process of the powder compression-molding object 17 performed based on 
this dra wing 2 using said powder molding public-funds type 10 is shown. The cavity 15 of the 
cylindrical shape surrounded with the fixed die 12 and the bottom part 13 is filled up with 16 with a 
worker's hand or hopper in the end of material powder, such as metal. Generally that with which a 
binding material, a plasticizer, etc. were beforehand mixed uniformly by metal and the powder of 
ceramics is used for 16 in this end of material powder. With a braid etc., the upper surface of 16 is 
prepared in the end of material powder it filled up so that the upper 'surface of the fixed die 12 may 
be met, the punch 18 which has a lower end surface parallel to the bottom part 13 end face 
subsequently is inserted in the cavity 15 from the upper part of the fixed die 12, and press 
compression of 16 is carried out by the power of 4. 5-5- 1 [/cm ] 2 in the end of material powder. By 
this press compression, the density by the side of the punch 18 is high, and the powder compression- 
molding object 17 which has the low-density continuous density gradient is acquired, so that it goes 
to the bottom part 13 side. The mechanism which a density gradient generates is as follows. A 
granular material does not become uniformly [ pressure transfer ] and uniform, when a pressure is 
applied within a mold unlike a fluid. Since there is far large frictional resistance as compared with 
a fluid, when press compression of 16 is carried out like this embodiment in the end of material 
powder, 16 solidifies gradually from the a section of drawing 3 in the end of material powder with 
the frictional resistance committed between 16 in the fixed-die inner skin 14 and the end of material 
powder. This is for the thrust of the punch 18 to be hard to be transmitted even to the bottom part 
13, and for frictional resistance to concentrate on the fixed-die inner skin 14 of the a section as a 
result. If the a section solidifies, thrust will be further applied to the part and the frictional 
resistance of the fixed-die inner skin 14 by the side of the bottom part 13 will become small as a 
result. Therefore, the powder compression-molding object 17 which has the continuous density gradient 
that density becomes low at a of drawing 3 , b, c, and order is completed. 

[0006] The done powder compression-molding object 17 is taken out after removing the punch 18 and the 
fixed die 12 up. At this time, the taper as shown in d rawi ng 1 has occurred on the powder 
compression-molding object 17 taken out from powder molding public-funds type 10. It says [ that mold 
deformation becomes large since this has the large pressure by which the way of a high-density 
portion is added to the fixed die 12 in the powder compression-molding object 17 in the mold at the 
time of the completion of press compression ], Since the portion high-density naturally of the 
remaining stress of powder compression-molding object 17 inside is also larger, the fact that the way 
of the spring back quantity of a high-density portion becomes large is cited as a reason. A binding 
material, a plasticizer, etc. which are contained in the fabricated powder compression-molding object 
are removed by the degreasing furnace etc. 

[0007] Then, reverse the powder compression-molding object 17 which gave the density gradient, the end 
face by the side of high density is made to lay in the sintering plate 19, and elevated-temperature 
sintering is carried out in a sintering furnace. Since it says that sintering being performed at the 
elevated temperature usually exceeding 1000 degreeC and ceramics excellent in heat resistance are 
very expensive, the board made from carbon is used for the sintering plate 19. Drawi n g 1 shows the 
firing process from which the powder compression-molding object 17 turns into the sintered compact 
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20. Since the one of a thermal expansion amount where forming density is higher is large, the end 
face by the side of high density is put on the mounting surface which frictional resistance commits, 
and it is made to expand generally less than the quantity which will originally expand. On the other 
hand, free expansion of the end face by the side of low density is carried out in the state where it 
is not made to restrain. Tapered shape Shigeru after heating sintering is controlled by a priori, 
adjusting the density gradient of the powder compression-molding object 17 so that the diameter 
direction dimension of the upper bed side and lower end surface of the sintered compact 20 after 
heating sintering may become almost the same. Therefore, it becomes possible to obtain the sintered 
compact 20 which secured the squareness accuracy more than before. Although this powder compression- 
molding object 17 has a density gradient, since it is the continuous density gradient, the interface 
produced according to a density difference does not exist. Therefore, a crack does not arise at the 
time of sintering. 

[0008] Next, the effect of this invention is explained based on drawing 4 and drawing 5. Drawing 4 
shows the top-view figure and sectional view of the cavity which fabricate the powder compression- 
molding object of cylindrical shape. 21 shows the core rod made to set up in a cavity, in order to 
form a centrum in shaft orientations at a powder compression-molding object. The lower end surface of 
this core rod 21 is being fixed to the upper bed side of a bottom part. The forming density of the 
powder compression-molding object B concerning this embodiment fabricated within this cavity is a 6. 7 
g/cm 3 grade .7.0 g/cm 3 and near a lower end surface near an upper bed side. The high-density end face 
of this powder compression-molding object B is laid on a sintering plate, and the degree of furnace 
temperature carries out heating sintering in the mixed atmosphere of nitrogen or nitrogen, and 
hydrogen for about 2 hours in the sintering furnace which is 1120degree£ The time actually heated 
here is about 20 minutes of them. As a comparative example, the whole fabricated the powder 
compression-molding object A of uniform density mostly with 6.83 g/cm 3 , and carried out heating 
sintering on the same conditions as B. A and B of every ten each repeated this sintering, and the 
average value of the cylindricity of a sintered compact was computed. Cylindricity lengthens a 
minimum diameter from the maximum diameter of the sintered compact after heating sintering, shows the 
value which divided it by 2, and expresses that squareness accuracy is so high that this value is 
small. The result is shown in drawi ng 5. The cylindricity after heating sintering of the powder 
compression-molding object B concerning this embodiment is 0.013 on an average, and the value is 
small compared with 0.035 which is the average value of the cylindricity after heating sintering, of 
the powder compression-molding object A as this figure shows. Therefore, it is checked that the 
direction of the powder compression-molding object B concerning this embodiment has high squareness 
accuracy. It is checked also for dispersion (|+3sigma| or I -as the standard deviation sigma 3sigma|) 
about 0.03 to about 0.01 and that the direction of the powder compression-molding object B is small 
to the powder compression-molding object A, and accuracy is high. The effect of this invention is 
checked by the above. 

[0009] A movable die movable to a sliding direction, for example other than the method of giving the 
density gradient mentioned above is used, At the time of press compression, the lowering speed of a 
punch and the lowering speed of a movable die are made the same, and how to make the maximum 
frictional resistance of the material powder end of the bottom part side and movable die inner skin, 
and make high density of the powder compression-molding object bottom can be considered. If it is 
this method, it will be made to lay on the jig for sintering, without reversing a powder compression- 
molding object, and it will become possible to perform elevated-temperature sintering. In an 
embodiment of the invention, although the manufacturing method of the sintered compact of a pillar 
and cylindrical shape was shown, the shape of a sintered compact is not restricted to this and the 
sintered compact of the shape of another multiple pilaster is also possible for manufacture. 
[0010] [A 2nd embodiment] The manufacturing method of the sintered compact concerning a 2nd embodiment 
of this invention is explained. A movable movable die is used for the upper and lower sides in which 
the taper was formed to inner skin, friction with the end of material powder and movable die inner 
skin is reduced by adjusting the relative velocity of a punch and a movable die at the time of press 
compression, and the powder compression-molding object whose density is homogeneity and whose side is 
tapered shape is fabricated in this embodiment. Since the spring back quantity of the taken-out 
powder compression-molding object has uniform density, it is fixed in every part, and therefore, a 
cone angle is in agreement with the angle of the taper formed in movable die inner skin. Sintering is 
performed by putting the end face with a larger area of the fabricated powder compression-molding 
object 57 on the sintering plate 59, as shown in drawing 6. That is, the diameter direction dimension 
of the upper bed side and lower end surface of the sintered compact 60 after heating sintering can be 
made almost the same by only a part for frictional resistance to work being larger than the area of 
the end face of the side which is not restrained beforehand, and carrying out area of the near end 
face put on the sintering plate 59. Therefore, the sintered compact 60 with high squareness accuracy 
can be obtained. 

[001 |] Al though the powder compression-molding object was laid on the sintering plate and heating 
sintering was performed in a 1st and 2nd embodiment of this invention, it is also possible to lay 
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directly, for example on a mesh belt, and to perform heating sintering. The range of the press 
compressive force at the time of shaping of a powder compression-molding object is not restricted to 
the range shown in a 1st embodiment. It is also possible to take the method of fixing to inner skin 
as shown by a 2nd embodiment the die which has a taper, and giving a density gradient to a Plastic 
solid as a 1st embodiment showed. 
[0012] 

[Effect of the I nvention] As explained in full detail above, according to this invention by claim 1, 
the squareness accuracy of the sintered compact after heating sintering improves by giving the 
density gradient beforehand to the Plastic solid of the shape of a pilaster before heating sintering, 
and sintering by putting the end face by the side of the high density of a powder compression-molding 
object on a mounting surface at the time of heating sintering. According to. this invention by claim 
2, the squareness accuracy of the sintered compact after heating sintering improves like claim 1 by 
forming the taper in the side of the powder compression-molding object of the shape of a pilaster 
before heating sintering beforehand, and sintering by putting the end face of a side with a large 
area of a powder compression-molding object on a mounting surface at the time of heating sintering. 



[Translation done. ] 
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